Kinetics of oligomycin inhibition and activation of Na+/K(+)-ATPase.
Oligomycin inhibition of the maximal hydrolysis activity of ox brain Na+/K(+)-ATPase was studied at varying NaCl concentrations and it was found that for a given amount of live enzyme, the observed inhibition of a particular total oligomycin concentration decreased as the amount of added, (heat-) denatured enzyme increased. In the present article we derive a scale factor for the oligomycin concentration, i.e., the fraction of the total concentration of oligomycin which is free in solution, as a function of the enzyme concentration used. This fraction decreased linearly with the protein concentration and may attain quite small values. We also study the Na(+)-dependence of the hydrolysis rate at saturating substrate concentrations ([Mg2+] = [ATP] = 3 mM), in the presence as well as the absence of KCl, at various concentrations of oligomycin. These data may be explained if it is assumed that the sole effect of oligomycin is to confer upon the enzyme an increased affinity for Na+, i.e., oligomycin merely enhances the inhibitory effect of Na+ on the (maximal) activity seen at high Na(+)-concentrations. The increased Na(+)-affinity in the presence of oligomycin should result in activation of the hydrolysis rate measured under conditions where Na(+)-activation is predominant, i.e., at low Na(+)-concentration and sub-saturating substrate concentrations. This prediction is verified for both Na(+)-ATPase and for Na+/K(+)-ATPase. This proposed action of oligomycin seems to be corroborated also by other evidence discussed in the text.